Gas chromatography-mass spectrometry was used to identify various T-2 toxin metabolites in chicken excreta and organs 18 h after intraperitoneal injection of the toxin. No trichothecenes were detected in the heart and kidneys, and only trace amounts were detected in the lungs. Most of the T-2 metabolites were found in the excreta, although considerable amounts were also found in the liver. In addition to the previously identified T-2 metabolites in chicken excreta (HT-2 toxin, 15 acetoxy T-2 tetraol, and T-2 tetraol), we found 3'-hydroxy HT-2 toxin (the major metabolite in excreta and organs), 3'-hydroxy T-2 toxin, 4-acetoxy T-2 tetraol, and trace amounts of 8-acetoxy T-2 tetraol, 3-acetoxy-3'hydroxy HT-2 toxin, and T-2 triol. Unmetabolized T-2 toxin and an unidentified isomer of T-2 tetraol monoacetate were also detected in the excreta. Most of the metabolites in the chicken are similar to those encountered in cultures of fungal species producing T-2 toxin. A comparison with T-2 toxin metabolism in the cow is also reported.
The toxicity of T-2 toxin, a naturally occurring trichothecene produced by Fusariium spp., has been largely tested on laboratory animals, although the toxin was rarely associated with mycotoxicoses in animals and men (5) . The excretion, transmission, and metabolism of T-2 toxin have been studied in chickens, cows, rodents, and swine by radioactivity measurements after the intubation of animals with tritiumlabeled T-2 toxin (2, 3, 8, 9, 11). Matsumoto et al. (4) detected T-2 toxin, HT-2 toxin, and neosolaniol in excreta of rats given 3H-labeled T-2 toxin orally. HT-2 toxin, neosolaniol, and 4-deacetylneosolaniol were detected in the cow as minor metabolites (9) . Subsequent to these studies, unknown T-2 toxin metabolites in the cow have been characterized as 3'-hydroxy HT-2 toxin (TC-3), 3'-hydroxy T-2 toxin (TC-1) (10), 3-acetoxy-3'-hydroxy HT-2 toxin (iso-TC-1) (A. Visconti, L. M. Treeful, and C. J. Mirocha, Biomed. Mass Spectrom., in press), and 3'-hydroxy-7-hydroxy HT-2 toxin (TC-6) (6). Unmetabolized T-2 toxin, HT-2 toxin, 4-deacetylneosolaniol, T-2 tetraol, and neosolaniol were found in the excreta of broiler chickens given T-2 toxin orally, but the major metabolites were unidentified compounds designated TB-1, TB-2, TB-3, TB-4, TB-5, TB-7, and TB-8 (11) .
The availability of reference standards for several recently discovered T-2 derivatives, together with the high sensitivity and selectivity of the modern gas chromatography-mass spectrometry (GC-MS) techniques, led us to reinvestigate the metabolism of T-2 toxin in chickens by using unlabeled toxin. We describe here the identification of some of the unknown T-2 metabolites in chicken excreta and their distribution in organ tissues (i.e., liver, lung, heart, and kidney). We compared these metabolites with those found in the cow.
MATERIALS AND METHODS
Animal treatment. Twelve 5-week-old chickens were given T-2 toxin (8.5 mg/ml in 40% ethanol) intraperitoneally in doses of 3.5 mg/kg of body weight. After 18 h, feces were collected as previously reported by Chi et al. (2). At 18 h nine birds had died, the remaining birds were sacrificed, and the liver, heart, lungs, and kidneys were removed from each animal.
Extraction and purification of excreta. The excreta (61 g) were extracted four times with acetonitrile (350 ml, total) and filtered. The combined filtrate was defatted two times by treatment with 200 ml of petroleum ether. The acetonitrile layer was concentrated to near dryness and dissolved in 10 ml of methanol. Water (50 ml) was added, and the mixture was concentrated to 20 to 30 ml and charged onto an Amberlite XAD-2 resin column (1.5 by 15 cm). The column was rinsed with 100 ml of water, and the toxins were eluted with 100 ml of 90% methanol. The eluate was concentrated to dryness and brought up to 6.1 ml with methanol. Several portions of this extract were separately examined according to the following procedures.
(i) A volume equivalent to 1 g of feces was evaporated to dryness under nitrogen, reacted with trifluoroacetic acid anhydride (TFAA) and analyzed by GC-MS as described below. This fraction was used for quantitative analysis.
(ii) Another volume equivalent to 5 g of feces (0.5 ml of methanolic extract) was streaked onto a precoated Silica Gel plate (20 by 20 cm, 0.25-mm thick; E. Merck AG, Darmstadt, Federal Republic of Germany) and eluted with chloroform-methanol (9:1, vol/vol). Ten bands corresponding to the Rf values of standard trichothecenes were collected and analyzed by GC-MS. This fraction was used for identifying the metabolites and comparing them with previously reported data (11) .
(iii) A feces sample (25 g [2.5 ml of methanolic extract]) was subjected to florisil clean-up and Sep-Pak C18 (Waters Associates, Inc., Milford, Mass.) fractionation as reported by Yoshizawa et al. (11) . The florisil column was eluted with 90 ml of chloroform-methanol (3:1, vol/vol) followed by 100 ml of methanol. The methanol eluate was analyzed by GC-MS, whereas the chloroform-methanol eluate was concentrated and subjected to Sep-Pak C18 fractionation (11) . The 20, 50, and 70% aqueous methanol fractions from Sep-Pak C18 were separately developed by thin-layer chromatography (TLC). Several bands were scraped from the plates, eluted with methanol, and examined by GC-MS. Extraction of the organs. The following amounts of organ tissues were collected from the three surviving chickens: liver, 78 g; lung, 18.6 g; heart, 19.6 g; and kidney, 38.2 g. One-third of the collected liver and the total collected amounts of the other organs were separately extracted with acetonitrile (three times with 100, 75, and 75 ml). The extracts were concentrated to dryness and submitted to the XAD-2 clean-up procedure as described above (5 g of XAD-2 was used in a 1-cm [inside diameter] column). The 90% aqueous methanol eluate containing the toxins was evaporated to dryness and dissolved in 1 ml of methanol, and an appropriate portion (equivalent to 1 g of original sample) was analyzed by GC-MS.
GC-MS analysis. Reference standard trichothecenes as well as the extracts were reacted with TFAA or Tri-Sil TBT (Pierce Chemical Co., Rockford, Ill.) (A. Visconti, C. J. Mirocha, A. Bottalico, and J. Chelkowski, Mycotoxin Res., in press). The GC-MS apparatus was a Hewlett Packard GC-MS data system model 5987B. Gas chromatographic conditions were as reported elsewhere (Visconti et al., Mycotoxin Res., in press). Positive chemical ionization in methane plasma (0.6 torr) at 200 eV was used to detect trichothecene trifluoroacetic acid or trimethylsilane derivatives. Mass spectrometric measurements were performed in total ion current (full scan) as well as in the selected ion monitoring mode. The former was used for the comparison of the mass spectra of T-2 toxin metabolites in chickens with those of the reference trichothecenes; the latter was used for quantitative analysis by selecting two ions (M+1 and base peak) for each trichothecene (these diagnostic ions are discussed by Visconti et al., Mycotoxin Res., in press).
Reference trichothecenes. Most of the standard toxins used in this study were obtained by microbiological or chemical synthesis according to procedures described elsewhere (1; S. P. Swanson, M.S. thesis, University of Minnesota, St. Paul, 1980) . 3'-hydroxy T-2 and 3'-hydroxy HT-2 toxins were kindly supplied by T. Yoshizawa (University of Kagawa, Japan).
RESULTS AND DISCUSSION
The major metabolite found in both excreta and organs was 3'-hydroxy HT-2 toxin (Table 1) . We can now attribute the radioactivity residue found in chicken liver by Chi et al.
(2) mainly to 3'-hydroxy HT-2 toxin, HT-2 toxin, and T-2 triol, with a small contribution from T-2 toxin, 15-acetoxy T-2 tetraol, 4-acetoxy T-2 tetraol, and T-2 tetraol. The total amount of T-2 metabolites found in the organs was very low compared with the amount found in the excreta. This finding and the absence of trichothecenes in the heart and kidneys are in agreement with radioactivity data reported by Chi et al. (2). Moreover, we found trace amounts of trichothecenes in the lungs. The following trichothecenes (chemical structures are shown in Fig. 1) were detected in the excreta: T-2 toxin, 3'-hydroxy T-2 toxin, 3'-hydroxy HT-2 toxin, 3-acetoxy-3'-hydroxy HT-2 toxin, HT-2 toxin, 4-acetoxy T-2 tetraol, 8-acetoxy T-2 tetraol, 15-acetoxy T-2 tetraol, T-2 triol, and T-2 tetraol. Figure 2 shows the mass chromatogram recorded in the selected ion monitoring mode of a chicken excreta extract after clean-up through XAD-2; the selected ions were 455, 515, 569, 615, 617, 629, 671, and 683 from 7 to 11.8 min and 401, 561, and 563 from 11.8 to 14 min. The simultaneous detection of 11 trichothecenes present in a very complex matrix (such as chicken feces) can be performed by GC-MS by using a convenient selection of monitored ions. A good resolution between each trichothecene was obtained on the DB-5 capillary column. The metabolites which have a hydroxyl group at position C-3' (namely, 3'-hydroxy T-2, 3'-hydroxy HT-2, and 3-acetoxy-3'hydroxy HT-2) give rise to split signals because of the formation of two isomers when they are reacted with TFAA. Such isomers form by dehydration, which involves the 3'-hydroxyl group and the hydrogen at positions C-2' and C-4', respectively (7). 11 .8 min and 401, 561, and 563 from 11.8 to 14 min. Peaks: 1, T-2 tetraol; 2, unidentified isomer of T-2 tetraol monoacetate; 3, 15-acetoxy T-2 tetraol; 4, 8-acetoxy T-2 tetraol; 5, 4-acetoxy T-2 tetraol; 6, T-2 triol; 7, HT-2; 8, 3'-hydroxy HT-2; 9, T-2; 10, 3'-hydroxy T-2; 11, 3-acetoxy-3'-hydroxy HT-2. Peaks 8, 10, and 11 show split signals due to the formation of isomers after dehydration with TFAA (7).
An unidentified compound, whose mass spectrum contained all of the characteristic ions of a T-2 tetraol monoacetate, was eluted from the gas chromatography column after 9.05 min. By excluding the T-2 tetraol monoacetate (4-, 8-, or 15-acetoxy) isomers mentioned above, a 3-acetoxy T-2 tetraol structure was first suggested. However, the comparison with the authentic standard indicated that this compound had a different retention time and mass spectrum ion intensity (Table 2) . Consequently, we postulate that this compound is a T-2 toxin metabolite having a molecular weight of 628 (M + 1 = 629) with only three hydroxyl and one acetyl substituents on the trichothecene skeleton, but we could not speculate on the position assignments of these substituents.
We encountered some difficulties using the analytical procedure of Yoshizawa et al. (11) (procedure iii in extraction and purification) as follows. (i) After elution of the extract with chloroform-methanol (3:1, vol/vol) through the florisil column, a number of trichothecenes were still retained in the packing material. In fact, the GC-MS analysis of the eluate with methanol showed evidence of the abovementioned trichothecenes, with the exclusion of T-2 triol, 8-acetoxy T-2 tetraol, 3'-hydroxy T-2 toxin, and 3-acetoxy-3'-hydroxy HT-2 toxin. (ii) Bands scraped from the TLC analysis plates of the 50 or 70% methanol eluates through Sep-Pak C18 did not show substantial differences in metabolite contents, although differences in their concentrations were observed. (iii) Some of the trichothecenes present in the 20% methanol eluate from Sep-Pak C18 (e.g., 15-acetoxy T-2 tetraol) were also present in the 50% methanol fraction. For this reason we eliminated part of the purification procedure described above and performed the GC-MS analysis or the TLC separation directly on the 90% aqueous methanol eluate from the XAD-2 column (procedure i or ii in extraction and purification).
The metabolites identified in different TLC bands obtained from the chicken feces extracted according to procedure ii were compared with the results obtained by Yoshizawa et al. (11) by radioactivity measurements (Fig. 3) . A normalization to 3'-hydroxy HT-2 toxin (the major product) has been done by assuming that its Rf value in our experiment was identical to the R1 value of the main product (TB-3) observed in the compared experiment, with a consequent shifting of the RI values of the other compounds. The data of Yoshizawa et al. (11) are reported as the sum of the radioactivities found in the 50 and 70% methanol fractions eluted from Sep-Pak C18 (Fig. 3) .
The following can be concluded from the comparison of our results with the previously reported data on T-2 metabolites in chicken excreta. TB-1 and TB-2 are the same compound and correspond basically to 3'-hydroxy T-2 toxin, although a small contribution of its isomer (3-acetoxy-3'-hydroxy HT-2 toxin or iso-TC-1) should be considered. TB-3 corresponds to TC-3 (3'-hydroxy HT-2 toxin) and represents the major T-2 metabolite identified in the chicken. TB-6 was identified as 15-acetoxy T-2 tetraol by Yoshizawa et al. (11) . Because of the poor trichothecene separation obtained by the Sep-Pak C18 purification (see above), we assume that the amount of 15-acetoxy T-2 tetraol retained by the Sep-Pak cartridge after elution with 20% aqueous methanol had contributed to the radioactivity bands TB-4 and TB-5 described previously (11) . TB-4 and TB-5 correspond to monoacetylated T-2 tetraol isomers, in particular to 8-acetoxy and 15-acetoxy T-2 tetraol and another isomer whose structure has not yet been elucidated. TB-7 and TB-8, as described by Yoshizawa et al. (11) , are actually unidentified compounds, although they could be the glucuronic acid adducts of some trichothecenes.
The residue radioactivity appearing at Rf values included between TB-1 and HT-2 (11) should be assigned to 4-acetoxy T-2 tetraol.
Our finding of unmetabolized T-2 toxin, HT-2 toxin, T-2 triol, and T-2 tetraol in the chicken excreta agrees with the data of Yoshizawa et al. (11) . However, we could not detect neosolaniol, a metabolite of T-2 toxin found also in rodents (4) . The inability to detect neosolaniol was confirmed by GC-MS analysis in the selected ion monitoring mode of both trimethylsilane and trifluoroacetic acid derivatized extract. HT-2 toxin was also recognized as a metabolite of T-2 toxin in chickens by Hofmann (3).
The T-2 toxin metabolites detected in chicken excreta are very similar to those elaborated by some fungal species (A. Visconti et al., Mycotoxin Res., in press), with the only difference being the formation of high levels of neosolaniol and acetyl T-2 toxin in the latter case and their absence in the former.
Although some of the metabolites in chickens are identical to those found in cow urine (3'-hydroxy HT-2 toxin, HT-2 toxin, T-2 tetraol, and T-2 toxin) (2, 9), some important differences should be pointed out. TC-6 (3'-hydroxy-7-hydroxy HT-2 toxin), a new metabolite of T-2 toxin recently identified in cows (6), was absent in chickens. iso-TC-1 (3-acetoxy-3'-hydroxy HT-2 toxin) was the main metabolite in cow urine and traces of its isomer (TC-1 [3'-hydroxy T-2 toxin]) were also present (A. Visconti et al., Biomed. Mass Spectrom., in press), whereas the ratio between these two metabolites is inverted in chicken excreta. None of the T-2 tetraol monoacetate isomers have been found in the cow. Moreover, T-2 derivatives with molecular weights and mass spectrometric diagnostic ions differing from the parent toxin by one oxygen atom (16 atomic mass units) were not generated by T-2 metabolism in chickens, whereas they have been found in cow urine (Chatterjee et al., Proc. Int. Meet. AOAC, 1984) .
Although considerable progress has been made in the characterization of T-2 toxin metabolites in chickens, further studies are needed to elucidate the structures of the unknown T-2 tetraol monoacetate isomer and the other very polar compounds present in the excreta. This is particularly true for the suspected glucuronic acid adduct of T-2 and its metabolites.
